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NEW CAROTENOIDS
The graph which Professor Liaaen-Jensen had shown in Berne in 1975 (Ref. 1) has, at the time of report, still scarcely flattened. Numerous new carotenoids have again been discovered, however, no more fundamentally new structures. It must be clearly stated and contrasted with the speedy advances in other terpenoid classes, e.g. with the sesqui-or diterpenes. Here, it is indeed still possible for a small and active group to isolate and clarify one hundred or more new substances in a period of five to ten years! Perhaps the transition of main activity from the plant world to that of the insecta or marine animals will again bring something new. Examples are found on: of UV/VIS-and mass spectra immediately turned out to be tri-and tetrahydroxy carotenoids, respectively, of the ß,ß-type. The constitutions ~roposed on the strength of insufficient microtests (Ref. 12) were thus immediately dropped. Primary hydroxyl groups are absent on the grounds of the 1 H-NMR-spectrum, secondary, allylic as well as tertiary -OH's are also lacking, which follows from the stability of the compound in HOl/chloroform. Since dioxolane formation occurs with acetone, vicinal hydroxylsexist on 0(2)/C(,), 0(2 1 )/C(, ') respectively. · From 3 J 2 ,3 = 10.5 Hz, a quasi-equatorial position. of the OHgroups in the ß-ring was deduced and, from the obvious 02-symmetry, also of · those in the ß '-ring. The OH-group on C ('' ) of .JJ, is certain on the basis of 1H-NMR comparisons. Nostoxanthin !i is completely different from crustaxanthin in the IR-and 1 H-NMR-spectra. For derivation of the absolute configuration see section 4. The transformations demonstrated thin-layer chromatographically by Stransky and Hager (Ref. 12): nostoxanthin (ll) LiAlH 4 caloxanthin (.JJ,) + zeaxanthin zeaxanthin caloxanthin + nostoxanthin thus necessitate verification. In this connection, the "Pigment IV" and "Pigment II" (Ref. l') isolated in very small amounts, from cultures of Rhizobium lupini should also be mentioned, for which analogous constitutions to .JJ. and !i (that is, without stereochemistry} are given. The constitution 12 is given for a tetrahydroxy carotene from the juice of Valencia oranges (Ref. 14) . The arguments are: Amax 474, 445, 424 (solvent?) . The g1yco1 ~ with analogous chromophoric system shows Amax 476, 448, 425 (ethanol) ; see section 4; formation of a diacetate and conversion into mutatoxanthin by sufficiently long treatment with HC1. Chiroptical data are unfortunately not communicated. The formation of !2 from antheraxanthin is 1ike1y. The stereochemistry of the epoxide hydrolysis is of interest ip view of the analogous cases mentioned in sections 3 and 4.
From an older sample of "taraxanthin" (see Note a), which had been isolated by · Karrer et al. from Ranuncu1us acer, a g1yco1 was also isolated; which according to Ref. 16 is assigned structure 16 (argumentation for the absolute configuration see section 4).
Carotenoids with carbonyl groups
A new lycopenal (!1); 13-(Z)-3',4 1 -didehydro-1',2'-dihydro-~, ~-caroten-20-al; possibly also 3,4-didehydro-1,2-dihydro-structure) has been found in addition to neurosporene, lycopene, 1,2-dihydroneurosporene, 1,2-dihydrolycopene, 1,2-dihydro-3,4-dehydrolycopene and 13-(Z)-~,~-caroten-20-al in cu1tures of Rhodopseudomonas viridis (Ref. 18 ).
ß,~-Caroten-4-one ! §was isolated as the main pigment from an Arthrobacter sp. (Ref. 19) . A whole series of 2-oxo-, 2,2'-dioxo-, 2-oxo-2'-hydroxy-ß,ß-carotenes (!2) including some with 3,4-didehydro structures are reported to occur in the insect Carausius morosus (Ref. 20) .
Two Japanase teams, evidently independently of each other and in mutual unawareness of the resu1ts, have been working on the carotenoids from the sea-sponge Tedania digitata. According to Okukado (Ref. 21) , the main pigment is named tedanin and on the basis of extensive inveetigations aesigned structure ~ (2,3-didehydro-3-hydroxy-ß,X-oaroten-3-one) (see Boheme 4). Since Okukado's isolation included a saponifioation step, it is poesible that the known dehydrogenation of the original keto to the enolised diketone has oocurred. From the same species, Tanaka et al. (Ref. 22) obtained an also crysta11ine carotenoid, which they ca11ed tedaniaxanthin and aesigned struoture ~. The striking end group was not commented upon in the work of the authors. A carotenoid named olathriacine, isolated by Tanaka and Katayama from the sea-sponge Clathria frondifera, was assigned structure ~ (Ref. 23). The esters of ~ are named "Clathriaxanthin" by these authors. Thus, the tedanin from Okukado and the clathriacine from Tanaka and Katayama are synonymous.
The compounds ~ and l l are 4-oxo-ß,ß-carotene derivatives, which have been discovered in cu1tures of Rhizobium lupini (Ref. 13). The trans-configuration for the g1yco1 grouping was deduoed on the basia of the 'H-NMR-spectra. The absolute configuration is still unknown.
Fritsohie11axanthin is a new oarotinoid with a 4-oxo funotion (109); see seotion 4 (Ref. 24).
The oonstitution l2 was proposed for agelaxanthin C from the previous1y mentioned sea-sponge Agelas schmidtii, whilst agelaxanthin B (~) possibly represents the 19-0-methylether of agelaxanthin C (Ref. 9); for the absolute configuration of the x-terminal group see the commenta in section 4. Besides §, ~ and l2, this sponge also oontains ~-oarotene, isorenieratene, zeaxanthin and trikentriorhodin.
From the red "fermenting yeast" Phaffia rhodozyma, 3-hydroxy-4-oxo-torulene (~; 3-hydroxy-3',4 1 -didehydro-ß,~-caroten-4-one) was iaolated inslight amounts (Ref. 25) . The 7,8-didehydroastaxanthin ester (!!Q) from starfisch (Ref. 26) may we11 be identioal with asterinic acid (see section 4).
Note a. The "taraxanthin" from R. Kuhn and E. Lederer (Ref. 15 In well dooumented works, Kulkarni et al. (Ref. '0) nave isolated and olarified a whole range of apooarotenio aoids from the parasitio Aeginetia indioa (Orobanchaceae). Compound B (aeginetic acid) has constitution ~. aocording to the 1H-NMR-and mass speotra. A trans-(diaxial) position ot the vicinal OH-groups was concluded from the negative periodate cleavage, as well as from pyridine-induced-NMR-shifts in conjunction with a conformational argument. In my opinion, however, the lastly-mentioned conclusions are not conclueive, because not only the axial but also the equatorial CH3 at C(l), together with CH3-C(5), experience practically the same large paramagnetic shifts. However, the derivation of the configuration of the glycol grouping oan be upheld by other means: comparison with the chemical shifts on natural azafrin ester (Ref. '1) and "cis-OH-azafrin ester" (Ref.
'2) (not carried out by the Indian authors) shows that only a trans-diaxial configuration comes into consideration. Also, the compound B has a different melting point to the racemic compound prepared by Tamura et al. (Ref. ,,) .
Compounda D and E (JJ) appear to be dimorphous. They both exhibi t very similar 1H-NMR-spectra to compound B, with regard to the ring protons, and show in the mass apectrum the fragmentation behaviour described by Enzell (Ref. '4) on azafrin. Compound F is an azafrin type, poasibly a stereoisomer of azafrin.
Besides these compounds, the laotone J! (aeginetolide) was also iaolated. ..... ;8 ä:r; .6
•"
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."'"··· The main hydrolysis products in the reactions hitherto known are, however, always furanoid epoxides, which in non-aqueous medium are known to constitute the only produots. The following glycols were prepared: from diadinoxanthin (2l; absolute configuration see seotion 4) 2 tetraols arose, the more polar of whioh proved tobe identioal with heteroxanthin (Ref. 54) . Sinoe the two epimers strongly differ in the IR-epeotrum, struoture 22 was assigned to that possessing the stronger intramolecular H-bonding (heteroxanthin), and structure 2! to the 0(5)-epimer. lt is noteworthy that, under the conditions stated, ~ furane oxide is formed from the tetraols 22 and 2! (compare also the reaction on !2). Thue an inversion at 0(6) is improbable.
Finally, two very polar pentaols could be isolated by chromatography from neoxanthin eamples originating from Trollius europaeus ("Trollixanthin"). These could also be synthesised from neoxanthin 22 with aqueous acid. They show the same chemical and spectral differences as 22 and 2!, and thus have structures
.2 § and .21 (R.ef. 54).
Oxidations with KMnO, and MnOa These oxidatione belong, as you know, to t·he classical method by which the structure elucidation of ß,ß-carotene was carried out. Recently, researchers from Pecs (Ref. 55) were able to show that, under suitable conditions, this degradation of caroten-5,6-and 5,8-epoxides leads to 8'-or 10'-apocarotenals. Thus, 5,6-epoxy-apo-10'-ß-carotenal was formed from 5,6-epoxy-ß,ß-carotene, 5,6-epoxy-ß,e-oarotene respectively, and 5,6,5',6'-diepoxy•ß,ß-carotene. From aurochrome, the 10'-and from mutatochrome the 8'-apocarotenal were synthesised. lnteresting is the observation by Coman et al. (Ref. 56 ) that diosphenols of ·the astaoene type (2 §) can be oonverted into 2-nor compounds of the (blue) violerythrin type (~) with Mn02 in acetone.
Oxidations with 0 2 in alkaline solution K-t butylate/02 permits the oonversion of 4-oxocarotenes into diosphenols of the astacene type. lf the diosphenol system is first reduced with borohydride to the glycol and then selectively oxidised at the allylic hydroxyl group with Mn0 2 (or by Oppenauer), a synthesis of (!)-astaxanthin can be realised (Ref.
57). The same authors prepared analogously: (!)-3-hydroxy-canthaxanthin, (±)-3-hydroxyechinenone and the corresponding (±)-15,15'-didehydro analogues. In this connection attention is drawn to the evidently unexpected easily occurring air oxidation of ß-carotene, which was observed on microcell 0 chromatograms (Ref. 58).
Oxidations with Tl(Ac)J A study on the reaction of selected carotenes and carotenoids (Ref. 59) resulted in a number of reaction products of which the following have hitherto been cristallised and identified: from ß,ß-carotene -a didehydro-ß,ß-carotene (60) of still unknown structure; (±)-mutatochrome (61), (±)-isocryptoxanthin (62);
. Zeaxanthin gave mutatoxanthin ( § §) and 4-hydroxymutatoxan,thin ( §1}, and from lutein the cis-epoxide (68} was formed as well as a 4-hydroxylutein
The results show that the expected allylic oxidation predominantly occurs. The epoxidee may have been formed from an unstable thallium compound (1Q) on saponification of the reaction products, e.g.
+ 70
Scheme to which, in this reaction, elimination occurs with the formation of the C(7)/ C(S)-acetylene bond giving ~. whereby though considerable amounts of 7-chlorosubstituted carotenoids (!l}-are also formed.
STEREOCHEMISTRY: ABSOLUTE CONFIGURATIONS
Since the carotenoid symposium in Berne (1975) , at which Professor Liaaen-Jensen summarised the situation on the configurational findings of carotenoids at that time (Ref. 1), a considerable number of absolute configurations have again been established. The methods developed earlier have proved very fruitful and the basis for numerous correlations by means of chiroptical methods has turned out to be quite reliable. The contributions again came almost exclusively from the laboratories of Liaaen-Jensen, Weedon and Eugster. It should be remambered that the carotenoids represent one of the last great groups of natural products where this work was still to be achieved: with amino-acids, sugars, steroids, terpenoids, etc. this work had, essentially, already been accomplished earlier.
The specific difficulties in the carotenoid chemistry are due to the fact that the relative configurations were also still unknown, so that the determination of a single centre could not almost automatically lead to the absolute configuration of the whole molecule.
I would like to classify the new chirality determinations, taking the hydrocarbons as a basis, and discuss them in this sequence. """ J:
""' and its mono-ß-D-glucoside: CD-and 'H-NMR-comparisons with the (2R,68,2'R, 6'8)-2,2-dimethyl-y,y-carotene (~) synthesised from cis-y-irone 86 suggest that C(6) and C(6') have (R)-chirality in §2 and that the C(2)-substituent is cis to the side-chain, provided the substituent at C(2) has no essential influence on the CD effect. However, doubts about this line of reasoning are still possible because the published CD-curves of §2 and §1 as well as of 2'-methyl-ß,y-carotene deviate quite clearly from that of the unsubstituted ß,ycarotene (Ref. 70) .
From this must be concluded that the subetituent at C(2) exerts a coneiderable influence on the conformation of the y-ring and thue on the CD-effect. The cis-position of the C(2)-C(6) subetituents derived from the 1H-NMR-spectrum should, moreover, be confirmed by eyntheeie of the analogous trans-compound and comparison with its 'H-NMR-spectra.
In section 2 I have already mentioned the two e,e-carotendiole chiriquixanthin A ( § §) and B (~) (Ref. 76 ). According to the 1 H-NMR-epectra B hae C2-symmetry and one ring in A shows analogoue chemical ehifte to lutein and is consequently trans-3,6-disubstituted (compare Ref. 77) , whereas the other must therefore be cis-3,6-disubstituted. The same was also concluded from the 'H-NMR-spectra for both rings in B. The absolute configuration at C(6) and C(6') was derived from comparison of the CD-curves with configurationally guaranteed compounds of the e-series. In the last analyeie, it is based on that of e,e-carotene itself (Refs. 71 &: 72).
The absolute configuration of decaprenoxanthin (~) was previously derived in Berne (Ref. 1). 8ince then, the full publication has appeared (Ref. 78) and the following arguments must be appended: the absolute configuration, as given in ~. is based on the one hand on chiroptical comparisons with the synthetic cis-and trans-dimethyl-e,e-carotenee ~ and ~. which were eyntheeised from the optically active a-irones (absolute configuration eee Ref. 79), and on the other hand on 1 H-NMR-data. 8ince ~ and ~ respectively show opposite and the same CD spectra .compared with the chiroptical standard ((68,6'8)-e,e-carotene (Refs. 71 &: 72)), it follows that the C(2) substituent in thie case makes no essential contribution to the Cotton effect. From this, the chirality of ~ with reepect to C(6) and C(6') ensues. Forthedetermination of chirality at C(2) and C(2') shift arguments in the 'H-NMR-spectra eerved, see 8cheme 16.
The not obvious equalisation of the influence of hydroxy-isopentenyl and methyl on the chemical shift of the geminal methyl groups was ultimately confirmed by etereoepecific syntheeis of (±)-2,6-trane-decaprenoxanthin, which was carried out by Chopra et al. (Ref. 80) . However, they show such unexpected properties with regard to their solubility and chromatographic behaviour that they have possibly been overlooked up to now. Their properties lie much closer to the hydrocarbons than to the usual xanthophylls in spite of the diol grouping present. One must attribute this to the ditertiary nature of the trans-glycol grouping, which is in addition strongly hindered sterically by the neighbouring methyl groups. The CD-curve of 22 shows only weakly pronounced maxima, as expected; that of 21 is determined by the centre of chirality at C(6'). The Cotton effects of the two epoxides ~ and 2 § are very much more strongly pronounced. With these data, the chiralities of the natural products can now be clarified. Strangely enough, apparently still no chiroptical properties of ß-and a-carotene epoxides, respectively, have been published. ;{j" . The carotenoids caloxanthin (!2) and nostaxanthin (1!) have already been mentioned in section 2. The absolute configurations given there (Ref. 11) result from application of Mills'rule: The preferred conformation of the ß-ring can be inferred from the CD and this itself is determined by the substituent at C(3). Furthermore, the 1 H-NMR-spectra reveal a trans-configuration for the glycol group. Thus caloxanthin is (2R,3R,3'R)-ß,ß-caroten-2,3,3'-triol (l2) and nostoxanthin is (2R,2'R,3R,3'R)-ß,ß-caroten-2,2',3,3'-tetraol (lf). With the olarification of the absolute configuration of (-)-zeaxanthin (Ref. 50) , that of esohsoholtzxanthin thus also followed-whioh has been overlooked in several newer reviews. The so-called a-doradexanthin, which has been ascertained in fish and insects, is interpreted as being an intermediate in the biogenetic .pathway to astaxanthin. Its absolute configuration was hitherto unknown. Dr. Buchecker will furnish evidence for it in his lecture in terms of 108 (Refs. 24 & 90) . It is thus 4-keto-3'-epilutein ((38,6'R,3'8)-3,3'-dihydroxy-ß,e-caroten-4-one).
On the oth~r hand, the so-called a-doradexanthin which has been isolated from the terrestrial green-algae Fritschiella tuberosa (Ref. 91 ) is epimeric at C(3') and accordingly a new carotenoid. We name it fritschiellaxanthin (Ref. 24) (109; (38,6'R,3'R)-3,3'-dihydroxy-p,e-caroten-4-one). In conneotion with these works, the "3'-ketolutein" ((3S,6'R)-3-hydroxy-ß,e-caroten-3-one) has also been prepared in larger amounts and precisely characterised. These data (Ref. 24) may be valuable for the structure elucidation of philOsamiaxanthin and similar ketocarotenoids. 
117

Schema 21
According to Barger et al. (Ref. 92) , asterinic acid (110 and 11!) has (3S,3'S)-chirality -as does astaxanthin. This conclusion was derived from chiroptical comparisons of the NaBH4-reduction products with the corresponding tetraals from 107: C(4)-and C(4')-0H-groups provide no essential contribution to the Cotton effect. Moreovar the CD-curves of the configurationally-certain carotenoids diatoxanthin (~) and alloxanthin (7',8'-didehydro-~) were compared and almost identical curves ascertained; the acetylene bonds in the polyene chain thus only led to a flattening out of the CD-maxima. Since it only shows weak Cotton effects which allow no conclusion whatever as to the absolute configuration (its saponification and reduction products also show the same behaviour), the compound was degraded by ozonolysis to 117. With the exception of the signals due to the hexanoyl residue, this presented identical 1H-NMR-and CDspectra to the corresponding degradation product 119 from fucoxanthin. And so the structure of the allene side was clarified. Identical 1H-NMR-signals in 115 and 113 with regard to CH3 (16), (17), (18) and CH2 (7) point to a similar relative configuration at the epoxide ring. The absolute configuration expressed at this ring in structure 115 is, however, not proven.
As Hertzberget al. (Ref. 96) demonstrate, dinoxanthin has the structure 116 and is 3-0-acetylneoxanthin. Saponification, acid rearrangement to furaneoxide and Chromatographieseparation of the C(8')-epimers gave products which each show well-concurring CD-spectra with the corresponding epimers of neochrome. From the available data, probably similar absolute configurations of dinoxanthin and neoxanthin may be concluded.
Apocarotenoids On the baais of 1 H-NMR-comparisons of the signals due to CH3(l), (5), (9), H-C(8) and the CH3CO-group of peridinin (~) with fucoxanthin and neoxanthin, the same relative configuration at the allene end group in the two compounda can be concluded (Ref. 97) . The ozonolysis furnished clear evidence for both ends: degradation ketone 119 with the allene grouping proved to be identical in 1 H-NMR-and CD-spectra with the known degradation product from fucoxanthin (Ref. 98); the same is true for the epoxide end 120, which for comparison was synthesised from the di-p-bromobenzoate of violaxanthin. ..r::
pure atereoiaomer. From thia, (+}-(S)-dihydroactinidiolide (126) was aynthesised on the one hand, and (-)-(R)-dihydroactinidiolide (127) Attention ia drawn equally here to the extensive syntheaes of phytoenes with (E,E,E)-, (E,Z,E)-, (E,E,Z)-and (E,Z,Z)-configurations in the triene part and of model aubatances by Khan et al. (Ref. 103) . Accordingly, the main phytoene isomer isolated from carrot oil, commercial tomatoea, Phycomycea blakesleanus and Chlorella vulgaria has been ahown to have the (E,Z,E)-configuration, whereaa phytoene from diphenylamine-inhibited culturea of Flavobacterium dehydrogenana consiata principally of the (E,E,E)-isomer. In addition to these two isomere, a third isomer was found in Rhodospirillum rubrum inhibited by 2-hydroxybiphenyl and in Mucor hiemalia inhibited by fluoren-9-one to which Granger et al. (Ref. 104 ) attribute the (E,E,Z)-configuration. The atereochemistry of thia new isomer has been reexamined by Barlow et al. (Ref. 105) by uaing comparative 1lC-NMR-data. It ia auggeated that it could also be (Z,E,Z)-configurated inatead of (E,E,Z). Fucoxanthin atereoiaomera: when all-(E)-fucoxanthin is isomerised with I 2 /hv, 4 new isomere ariae which were chromatographically separated (Ref. 109). All the isomere ahowed CD-apectra different from that of the all-(E)-form. On the baaia of IR-, UV/VIS-and 1 H-NMR-apectra, the (Z)-13-and (Z)-13'-geometriea, respectively, are aaaumed for the isomer paira I and II. Isomer III ahowed no cia-peak, but a hypsochromic shift by 2 nm of the longwave band. Significant shifta.of CHJ(l6'), (17') aa well aa of H-C(8') in the 1 H-NMR-apectrum auggest atereoiaomeriam of the allene bond. This isomer was ascertained earlier in up to 6% in crude fucoxanthin from Fucus serratus. This finding supports the auggestion by Iaoe (Ref. 110) for the formation of the allene grouping; see also Ref. 111 . The following reaction sequence is postulated:
As a very important outcome of newer CD-measurements on (Z,E)-isomeric carotenoids, the fact should be mentioned that the geometry of the double bonds can exert an unexpectedly large influence on the course of the curve; in isolated cases the curves run almost enantiomerically! Ref. 118) . From this and also from extensive incorporation studies by different teams, above all by Goodwin et al., the opinion is steadily gaining ground that the C(l) methyl groups of lycopene and neurosporene retain their identity during the cyclisation; i.e. according to the conformational folding, the (E)-methyl group becomes the pro-(R)-or pro-{S)-methyl group on the cyclohexene !Uld vice-versa. Unequivocal proof for this, however, is hardly yet at hand. If one studies the schemata proposed so far for the cyclisation step, one notices that they are still incomplete and have hitherto disregarded one important aspect of carotenoid chemistry. I am thinking here of the really facile (E,Z)-isomeriation of conjugated double bonds which occurs under completely different influences. If we examine the following factors for the cyclisation of a 1,5-diene system, namely si/re re/si 1) Chair or boat folding; 2) Geometry of the C(l)-C(2), C(5)-C(6) double bond resp. -also in view of the individuality of the C(l)-methyl groups; 3) Pro-chirality of the -ene surfaces.
possibilities follow schematically:
Enantiomeric chair foldings: In vitro, the cyclisation is an overall trans-addition. In vivo, however, one finde only the products of an elimination reaction, The products formed are given.
c, (E,Z)
•'--iJ::( H/7 p si(2)-re(l)-si(6) (1R, 25,6R) (1R, 25,65) 1R,25) (Scheme 26)
In this second case, we change the configuration of the C(5)-C(6) double bond: the resulting producta are given. I would like to point out that the diastereomeric cations don't necessarily have to lead to the same products (e, y or ß). Both foldings result in products, which have already been found with the chair foldings; the same also applies to the enantiomeric B2 foldings. 
Ba(E,E)
From this comparison, several conclusions can be drawn. I will discuss a few of them. To begin with, can we conclude anything from the hitherto known absolute configurations with regard to the stereochemistry of the cyclisation step ? 
C2(E,Z), B2(E,E) C2 (E,E), B2 (E,Z) (1,78)
As a simplification, it is assumed that each substituent at C(2), i.e. CH 3 , OH, isopentenyl, corresponded to the cyclisation inducing electrophile analogaus to H+, n+. Even if one leaves the biogenetically not particularly clear irones out of consideration, one immediately comes to the result that none of the hitherto established absolute configurations suffices to enable a certain conclusion regarding the stereochemistry of the cyclisation step. The nearest one comes to it (the certain conclusion!) is in the case of decaprenoxanthin and sarcinaxanthin, where it must concern the C1-or B1-folding. The survey also shows quite clearly, however, that there is more than one type of folding which is made use of by the different organisms. But there is still no recognisable connection with carotene types (ß-, a-or y-carotenes, i.e. ß-, 8-or y-series) or with the organisation level of the organisms (bacteria, fungi, higher plants).
,l would now like to make a few speculations about the 8-, y-and ß-trichotomy. These series are not, according to what is known (Ref. 113), biologically interconvertible. The origin of the 3 different series has hitherto remained unsolved. It follows, however, quite simply -at least in part -if one postulates that the configuration at C(6) of the formed cyclohexane ring decides which series arises, and one can furthermore connect this configuration with the geometry of the C(5)-C(6) double bond and the conformation of the folding.
C1(E,E):
C1 (E,Z):
Scheme 35 Looking at the cations formed from the C1(E,E)-and C1(E,Z)-foldings, it follows that different situations are at hand for the elimination of a proton: if an anti-H is removed as proton, whioh is probable for stereo-eleotronio reasons, then the produot from A will be different to the produot from B1 Further speculation is forbidden by the sparse experimental facts avail~ble to date. However, I would like to emphasise again that I postulate that this problem (i.e. the transition into the 8-.Q!: f3-series) is connected with the geometry of the C(5)-C(6) double bond in the acyclic precursor as lycopene or neurosporene. Experimental investigations in this direction are still lacking. Since the stereochemistry at C(2) can be clarified by the elegant technique of Britton et al. (Ref. 122) and the chirality at C(6) in the s-and y-aeries is well known, we have contented ourselves for the time being with synthesising the d3-type (C). Thereby, we are of course aiming at the determination of configuration at C(l) in ß-, s-and y-carotenes. 2.96 Hz; lJ0 = 3.7 Hz) and those to the methine proton measured ( 3 Jred = 6.08 Hz; 3J 0 = 6.3 Hz). Since the range of 6.5-7.6 Hz is typical for a cis-relationship whilst it amounts to 12.8-14.5 Hz for a trans-arrangement (Ref. 130) , the stereochemistry at the double-bond is clarified, A similar process was carried out for the compound 136. Finally, the signal of the methyl group absorbing at lowest field is missing in the 1 H-NMR-spectrum of the d6-lycopene obtained.
With sufficient amounts of d6-lycopene 121 at hand (we have about 0.5 g), incorporation studies with carotene cyclases can now be started. I refer to relevant works by Porter, Goodwin and Davies. When ß,ß-carotene is formed one can expect:
ß,ß-carotene:
e",.,",··· (lR,l'R) or:
(lS,l'S) (presuming analogous cyclisation steps at both ß,t-carotene: (from C1, B1) (from C2, B2) ends) (ß-ring from
(ß-ring from C2 or Ba, t-ring from C1 (E,Z) or B1 (E,E)) (ß-ring from C2 or B2,
The decision between the various possibilities thus requires that the configuration of the products formed at C(l) and C(l') in ß,ß-carotene, and at C(l), C(l') and C(6') in ß,t-carotene can be diagnosed. For C(6') chiroptical methods are reliable; for C(l') in ß,t-carotene we have considered the 1 H-NMRmethod, above all because today it is applicable to sub-milligram quantities. Synthesis of (l'R.6'S)-16'.16'.16'-dJ-6.e-carotene (see Scheme 42) The crystalline d3-~,e-carotene 163 obtained has practically the same CD-spectra as the non-deuterated compound. In the 'H-NMR-spectrum, the signal at 0.91 ppm for the 0(16')-CHJ is missing, whilst that at higher field (0.82 ppm) is unchanged. Thus for the first time an assignment of these signals can be made: that at highest field is cis to the side chain. One must not, however, apply this fact to all intermediates, for in one case the signals reverse. Thus -assuming successful incorporation of lJ1-the chirality at C(l') in ~,e carotene can now be spectroscopically determined. I believe that with the syntheses just outlined, a contribution from the chemical side has been achieved which, together with biochemists, can successfully help to solve the problem of the stereochemistry of the biological ring-closure in carotenes.
CAROTENOIDS IN ROSE FLOWERS
In conclusion, I would briefly like to refer to one aspect of the carotenoid chemistry which has an eminently aesthetic character. By that, I mean the only most recently discovered fact that carotenoids are essential flower pigments in yellow-, orange-, salmon-or copper-coloured garden roses. Hitherto it was assumed that it concerned flavonoids. Up till now the following have come to light as typical rose pigments: 
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Scheme 44
When cyanin 166 predominates, then the flowers exhibit a deep red tone (e.g. Rosa gallica,"Papa Meilland", "Arturo Toscanini", "Mr. Lincoln", "Reine des Violettes", etc.). With peonin (167) as the main pigment, the flowers are deep pink (e.g. Rosa rugosa,"Conrad Ferdinand Meyer", "Queen Elizabeth", "Roseraie de l'Hay"). When pelargonin (12 §) is the predominant pigment, we have the modern geranium-, scarlet-and brick-red tones. This colouration has only become prominent since about 1950. We find it for example in "Gloria mundi", "Princess van Orange", "Independence", "Baccara", "Tropicana", "Sarabande", "Radar". There can be no true blue roses, since the corresponding anthocyanin delphinin (16f) does not occur in roses. Few rose admirers know that yellow garden roses teahybrids, polyantha, floribunda) have also only fairly recently come into being (see Note d). They can all be traced back with two exceptions (namely "Gottfried Keller" and "Poulsen's Yellow") to "Soleil d'Or", which originated from crossing the violet-red hybrid perpetual "Antoine Ducher" with pellen from the yellow Rosa foetida persiana. We therefore decided to investigate this very influential R. foetida more closely. Note d. Among other rose classes, yellow roses were found above all amongst tea roses (e.g. "Safrane", "Gloire de Dijon", "Madame Levet") and amongst noisette roses (e.g. "Marechal Niel", "Alister Stella Gray", "Chromatella"). They owe their emergence to intercrossing of the yellow china rose "Parks Yellow Tea-scented China" (R.x odorata ochroleuca) in the first half of the 19th century.
70% of carotenoids consist of epoxides. Valadon and Mummery (Ref. 136 ) have also ascertained a similarly high percentage of epoxides in modern yellow tea hybride ("Sutters Gold", "Allgold", "Jan Spek", "Gold Crown", "Gold Gleam", "BossaNova", "Zambra"). Yellow roses thus owe their colouration mainly to carotenoids, blende, e.g. "Piccadilly", "Masquerade", possess mixtures of carotenoids and anthocyanins.
One can conclude, therefore, that by intercrossing Rosa foetida, the ability to produce and store carotenoids in high concentration in the petals has for the first time become a hereditary characteristic. Accordingly, carotenoids occur not only in (rose-)hips, which was of course known a long time ago, but are also essential constituents of the yellow-, salmon-, apricot-and copper-coloured hybride. This extension of the carotenoid chemistry into horticultural areas holde an especial fascination for some of us. 71.
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